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Abstract 

The multiphoton detectors for the strong squeezed light vacuum are considered. Te re- 
sult is compared with the perturbation theory. It is shown that as the degree of squeezing is 
increased the statistical factor decreases. 


Multiphoton transitions in atoms due to squeezed light were analyzed for the first time by 
Yansky and Yushin [1] by using perturbation theory. On the other hand, at present parametric 
generators of squeezed fight are discussed [2], They allow us to obtain high density of photons 
N ^ io 20 - io 21 in resonator with volume V ~ 1cm 3 for stored energy density > 1 J. Although 
experimentally such photon densities are not reached, it is of interest to describe physical processes 
in atoms interesting with intensive squeezed fight. For the squeezed vacuum |0 as is known, 
N =,< 0|a + a|0 >,= |i/| 3 (a + (a)— are operators of appearing and disappearing of quantum of 
electromagnetic field), v = M c ‘* » squeezing parameter of Stoler unitary transformation [3, 4] of 
operators a + (a) to the new variables of squeezed field b + (b) : 


b = txa + va + 

b + = M *a + + ^a;M 3 -M 3 = l 0) 

For the squeezing degree v ~ IO 10 - 10 11 the criteria for application of perturbation theory 
methods are not satisfied. In fact, let us coincides two level system with nonzero average dipole 
moment d in the excited state (2) (neglect for simplicity the dipole moment in the ground state (1)). 
The characteristic theory parameter p appearing due to multiphoton transition on the degenerate 
level (2) has the form [5] 

p = Fdfhu (2) 

where F is the amplitude of the intensity of electromagnetic field with frequency u. Parameter 
p > q o (<7o i» the number of photons participating in the transition) is reached for N ~ IO 30 — 
10 21 (g 0 ~ 3 - 5 ,d~ 10 D). 

In the paper [6] the statistical factor X(as) — W ( - a '> /W^ was calculated for the multiphoton 
transition on the degenerated level of hydrogen atom for the source of gauss electromagnetic field 
(G) and pure coherent source (S). It was shown that with the increase of radiation intensity the 
difference in statistical properties of multiphoton excitation of atom disappear. The expression was 
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received for the probability of coherent multiphoton transition in the presence of probe radiation 
with intensity T and frequency fi > w : 

w (, \n) = ( 3 ) 

where g 0 = (A - tel)fhu>, A is electron excitation energy, 7 is damping constant of excited 
electron state, J n (x) is the Bessel function of real argument. Using the formula (3) gives us 
methodical advantage because it permits to realize the rearrangement of multiphoton process 
with the frequency of probe radiation. Let us consider the statistical factor x<«) = WW/W&, 
where W s is the transition probability under the action of squeezed light. 5 - matrix formalism 
is used for calculating W s . Confining to the second order of perturbation theory on the probe 
radiation. We have: 

J 2 'fT. f + 00 

W 5 (£0 = ^3 J dtexp[iq 0 ut - 7 t]/*(0 (4) 

where /*(t) is generating function of transition probability: 


J*(f) =< G(t) >. 

The evolution operator G(t) satisfied the motion equation: 

ihG(t) = \g(t)a + ? *(t)o + ]G(t); G(0) = 1 

g(t) = tue -1 "*; v = dzi{2*1\u fV) 1 ^ 2 


( 5 ) 


The brackets < ■ • • > in (5) denote the averaging over squeezed Btate, d 22 in (5) is dipole moment 
in electronic state (2), d 22 « lOeoao for the level with the main quantum number n = 3(ao is the 
Bohr radius, e 0 is the electron charge). The solution to (5) may be presented in the following 
normally ordered form [7]: 


G(t) = e A & €-**<*+ e** t)a 

B(t) = 

A(t) = --5 f dr l P dT 2 g(r J )g‘(T 2 ) 

n Jo Jo 

Let us use back transition to (1): 

a — fSb—i/b* 
o + = /i6 + — v’b 

With the Backer - HausdorfF transformation 

e A, e B = e A + B, e HA,BJ 

IA,BIA] = p, *],£] = () 


( 6 ) 
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it is easy to recieve the following expression for the generating function of quantum transition 
under the action of squeezed light 

= 4 O (0« < ^|e- (Fv+5>)6+ • ^ B ' l, ' +B ^ )b \fi >, 
ft\t) = exp{-H 3 | B\ 2 -'-(B 2 nS + c.c.)} (7) 

The value 0 characterizes the initial coherent state \fi > . In the case of squeezed vacuum we 
have ^^(t) = 4 5) (t). The received exact expression for the generating function does not 

permit to make analytical calculation of the transition probability and creates certain difficulties 
for numerical calculations. This expression differs from the known formulas in [7,8] obtained 
in perturbation theory in two positions. Firstly, in (7) the reemitting of photons is taken into 
account, secondly, anomaly correlation functions with nonequal number of operators a and a are 
not discarded. The first condition for the strong field is strictly necessary. The second condition 
may be used for both weak and strong fields, as will be shown below. Taking into consideration 
the remarks let us simplify the common expression for the transition probability. Present formula 
(6) in antinormal form and rewrite 4 ■’(«) : 

4 ' 1 (() = e - |B| * £ • < 0|« , *« +m |0 >. + 

m=0 ' 

+ e- ,s| * y* , < 0|a»a 4, *|0 >, (8) 

m\n\ 

The presentation of the evolution operator G(t) in antinoimal form is caused by simplicity of 
calculations, for example: 

, < 0|aa + |0 >,= 1 + M 2 H/4 3 = * + 1 

The last term in (8) is the contribution of anomaly correlation functions and do not gives the 
contribution in multi-photon processes. Thus, we leave the first member in (8). We find: 

4*>(t) = <r MW ■ lo(|fl| VH) (»> 

where Iq(x) is modified Bessel function. Let us consider the photon density |t/| ^ 1 corresponding 
to perturbation theory. In this case (see Appendix) it may be shown that statistical factor (x(j£)) 

X(.f) = = ( 2 ?o - I)?! 0°) 

This result coincides with the known conclusion in [1]. In Fig.l the calculation of statistical factor 
X(»i) in nonperturbative approach is given. Dashed line corresponds to perturbation theory. For 
comparison the same Fig.l gives the statistical factor X(as)- Naturally, near field intensity which 
corresponds to the suppression coherent multiphoton excitation effect [10], the statistical factor 
increases drastically, which creates additional possibilities for experiment. 
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Fig.l. Dependence of x on a\v\ 2 . Cnrve 1 corresponds X(«f>; 2 -X(o*> 


Appendix 


Let us use the expression for the multiplication of coherent state |cr > and squeezed state > 

< a\f) >,= -pexp{-i(|a| 3 + |/9| 3 + -a* 3 + — /? 3 ) + -a*0} 

VM 2 /x m /i 

Rewrite as: 


4 


^ J d 3 a|a| 3m | , < 0|<* > | 2 = 

- f°° dxe~*z m Io(x—) 


'8 



(cPa = d(Rea)d{Ima) - is the measure of integration in complex plane a. So, the generating 
function may have the form: 

&\t) = - f" dxe-*I 0 (x^)Jo(2\B\V?) 

M Jo M 

After calculating this integral we obtain the generating function (9). Let us use the summation 
formula for the Bessel function [11]: 

+ OQ 

Jo(2asin x/2) = £ J 2 h {a)e ihx 

k=-oo 


Lei write the expression for the multiphoton transition probability under the action of the 
squeezed light: 

Y / F m 6(q 0 -m)~±F qt , 

here we denote: 

F 9 = f dr C -*/ 0 (x^)j2(2v^) 

Jo I s 

a = v 2 /(hu) 2 

The last integral is known [11]. We receive: 


nM £?o 2 ' kl ' p 

x 2^2(70 + 1/2, go + 2k + 1; go + 1, 2go + lj — 4a), 

where 2 F 2 is the common hipergeometrical series. At a < 1, 2^2 ~ 1- We use the integral 
representation for the factorial. It is possible to sum up the series: 

~ ■ PM 


go'- 


is the Legandre polynomial. In the approximation \u\ 1 (/i 5 1 1). Let us use the 

asymptotic expression [11]: 


We receive: 


PM » (2q \ , V 

go- 

~ t^(2 9o - 1)!! = W w (2g 0 - 1)!! 
( 7 o !) 2 
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